Six pyrrolizidine alkaloids (PAs) (two saturated macrocyclic, three unsaturated macrocyclic and one unsaturated seco-macrocyclic) were isolated from native Peruvian Senecio species. The structures of these alkaloids were established by a complete NMR spectroscopic analysis, chemical transformations and comparison of their NMR data with those published for similar alkaloids. Three PAs were then tested for antifungal activity against Fusarium moniliforme, F. (Sheldon), F. oxysporum fs. lycopersici (Scheldt) and F. solani (Mart), no significant activity being observed.
INTRODUCTION
Pyrrolizidine alkaloids (PAs) are widely distributed in numerous plant families such as Asteraceae, Boraginaceae, Fabaceae, Convolvulaceae, Orchidaceae, Poaceae and Lamiaceae. 1 However, pyrrolizidine alkaloids are found predominantly in the genera Senecio (Asteraceae), Crotalaria (Fabaceae) and Heliotropium (Boraginaceae). In Peru, the genus Senecio comprises about 230 species, most of which are endemic and with restricted geographic distribution, the habitat of these species lying between 500 and 4700 m above sea level. 2 It should be noted that species of Senecio are used as popular remedies in folk medicine in different forms of preparation such as infusions, decoctions and poultices (to treat kidney disorders and ulcers), while there is great concern regarding public health since these species contain PAs with hepatotoxic activity. 3 It is therefore necessary to identify the PA-containing plants to limit their use, or at least establish the maximum tolerated dose. Pyrrolizidine alkaloids (PAs) are of great interest as biopesticides. 4 This has prompted us to carry out a phytochemical study of the genus Senecio, in addition to studying its biological activity.
Here, we wish to report on the isolation and characterization of six alkaloids of four species of Senecio from Peru: Senecio lasiocephalus (1, 2), S. usgorensis (3), S. chiquianensis (4) and S. laricifolius (5, 6) . Alkaloid 3 was previously isolated from Senecio megaphyllus (Costa Rica) and Senecio usgorensis (Peru), and compound 6 from S. laricifolius (Peru).
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EXPERIMENTAL
General experimental procedures
1D and 2D
1 H, 13 C NMR spectra were measured on a Bruker AMX 500 MHz spectrometer with pulsed-field gradient in CDCl 3 (500 MHz for 1 H and 125 MHz for 13 C), using this solvent as internal standard. Optical rotations were measured at room temperature on a Perkin Elmer 343 Plus polarimeter. IR spectra were measured on a Perkin Elmer 1600 spectrophotometer. EIMS results were recorded on a VG-Micromass ZAB-2F instrument at 70 eV. Alumina (Merck Art. 1076-1077) was used for column chromatography, TLC and preparative TLC. Alkaloids were visualized with Dragendorff's reagent. 
Plant material
Extraction and isolation of Pas
The dried samples were extensively extracted with ethanol at room temperature over 72 h and the extracts evaporated to dryness under reduced pressure. The crude EtOH extract was treated with a mixture of H 2 SO 4 0.5 M and CH 2 Cl 2 (1:1). The aqueous phase was reduced with zinc dust for 4-6 h, filtered, basified with 30% NH 4 OH (pH = 9) and the alkaloids were extracted with CH 2 Cl 2 . The purification was performed by column chromatography on neutral alumina using an EtOAc-MeOH gradient solvent system and subsequent purification with PTLC (20 x 20 cm, 0.25 mm) to obtain platyphylline and platyphylline N-oxide (1, 2, S. lasiocephalus), 13,19-epoxysenecionine (3, S. usgorensis), senecivernine (4, S. chiquianensis), senecionine and 19-acetoxysenkirkine (5, 6, S. laricifolius).
Platyphylline (1)
Mp 96. C NMR are given in Table 2 .
Reduction of 2
Platyphylline N-oxide (85.6 mg) was treated with H 2 SO 4 0.5 N and zinc dust with stirring for 5 h at room temperature. The reaction product was filtered, basified with NH 4 OH 30% to pH = 8-9 and extracted with CH 2 Cl 2 several times. After removal of the solvent platyphylline (1, 57.0 mg, 70.0%) was obtained.
Antifungal assays of PAs
The antifungal activity of platyphylline, platyphylline N-oxide and 19-epoxysenecionine was tested against the following species of phytopathogenic fungi: Fusarium moniliforme (Sheldon), F. oxysporum fs. lycopersici (Scheldt) and F. solani (Mart) (Spanish Type Culture Collection (CECT) codes, CECT 2152, CECT 2715, and CECT 2199, respectively) and estimated as mycelial growth inhibition. The products were dissolved in ethanol and incorporated in PDA culture media (2% final concentration of solvent). The dose series used was: 0.01, 0.1 and 1.0 mg/mL. For each experiment 8 replicates, inoculated with the appropriate fungal sp., were incubated at 25 °C and the colony diameters measured after 48 h. Control experiments were ethanol. The inhibition values were determined with the SPS program.
RESULTS AND DISCUSSION
Alkaloid extract yield ranged between 0.03 and 0.1% with respect to plant dry weight. Senecio lasiocephalus and S. usgorensis showed the highest alkaloid content. Two saturated macrocyclic diester PAs, platyphylline and its N-oxide (1,2), three unsaturated macrocyclic diester PAs, 13,19-epoxysenecionine (3), senecivernine (4) senecionine (5), and one unsaturated macrocyclic diester seco-PAs, 19-acetoxysenkirkine (6), have been isolated from their respective alkaloid extracts (Table 1 ). All structures were established by spectroscopic data, chemical transformations and correlations of these data with those reported for similar alkaloids (Figure 1 ). Alkaloids 1 and 2 were identified as platyphylline and its Noxide (   1   H and 13 C NMR), previously isolated from different species of Senecio, 11, 12 and were related via chemical by reduction of 2 with H 2 SO 4 /Zn dust. The most noteworthy differences observed in the 1 H and 13 C NMR spectra of both compounds were the largest deshielding of H-8 at d H 4.00 (1H, dd, J = 8.2 and 6.1 Hz) and resonance of carbons d C 70.4 (t, C-3), 68.3 (t, C-5) and 86.0 (d, C-8) with respect to alkaloid 1, suggesting the presence of an extra oxygen molecule in the form of N-oxide. 13 The structure of alkaloids 3-5 were elucidated by mono-and bidimensional NMR and by comparison with previously reported spectroscopic data. [8] [9] [10] Alkaloid 6, proved to be otonecine esterified with 5-ethylidene-2-hydroxy-2-methyl-3-methylacetyl-hexanodioic acid and was identified with 19-acetoxysenkirkine based on the following points: the IR spectrum showed absorption bands at ν max 3400, 1720, 1650 and 1612 cm -1 which could be attributed to a carbonyl group, an ester, double bonds and a trans-annular carbonyl group O=C … N-Me, 14 respectively. Its mass spectrum presents a molecular ion at m/z 424.1964 (74) [M+1]
+ along with fragments of a macrocyclic ester, necic acid and otonecine base, characteristic of secopyrrolizidine alkaloids. 15, 16 The 1 H NMR and 13 C spectra of alkaloid 6 were very similar to those of 12-acetylsenkirkine, an alkaloid previously isolated from S. phillipicus and S. illinitus, 17 Table 2 . The relative stereochemistry of alkaloids 3 and 6 was determined by a NOESY experiment, and observed NOE effects are shown in Figure 2 .
Three APs, platyphylline, platyphylline N-oxide and 13,19-epoxysenecionine, were tested against the following fungal species Fusarium moniliforme (Sheldon), F. oxysporum fs. lycopersici (Scheldt) Multiplicities of 13 C NMR were established by DEPT experiment Figure 2 . NOESY of 13,19-epoxysenecionine (3) and 19-acetoxysenkirkine (6) and F. solani (Mart) as previously described, 18 but no significant antifungal activity was observed.
SUPPLEMENTARY MATERIAL
Available on http://quimicanova.sbq.org.br, in PFD file, with free access.
1 H NMR spectra of alkaloids 1-4 and 6.
